This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


THIS PAOE BLAi^lC (uspto) 


(19) 


J 


Europalsch s Patentamt 
European Pat nt Offic 
Office ur peen d s br vets 


(12) 


(11) EP 0 880 043 A2 

EUROPEAN PATENT APPUGATION 


(43) Date of publication: . ^ 

25.11.1998 Bulletin 1998/48 

(21) Application number 98304109.6 

(22) Date of filing: 22.05,1998 , 


(51) lntCI.6: G02B 21/00. G01B 7/34, 
K . - vG01N:21/21. G02B 6/10 


(84) Designated Contracting States:' ^ ■ 

AT BE CH CY DE DK ES Fl FR GB OR IE IT LI LU 
MCNLPTSE 1 

Designated Extension States: ^ : 
AL LT LV MK RO SI ; 

(30) Priority: 23.05.1997 JP 134178/97 V 

(71) Applicant: SEIKO INSTRUMENTS INC. 
Chiba-shI, Chlba 261 (JP) 


,(72) Inventors: 

» Sato, Katsuaki . . .. 

Kawasakl-shI, Kanagawa (JP) 

Mitsijoka, Yasuyukl V 

Mihanria-ku, cHlba-s^ 
» NakaJInfta, kunlo ./ , . 

Mlhama-ku, Chlba-shi; Chiba (JP) . 

(74) Representative: Sturt, Clifford Mark et a! 
Miller SturtKenyon 
9 John Street 
London WCI N 2ES (QB) 


(54) Scanning near field optical microscope 

(57) In a combined scanning near field optical mi- 
croscope (Nsom) and atomic force microscope (AFM), 
an optical fibre probe (1) which has a minute opening 
on the top of a sharpened tip is brought close to a sample 
(2), and the probe is moved by a piezo actuator (15) 
along x- and y-axis directions so that a minute spot 
beam emanating from the minute opening can scan over 
the sample. For circular polarisation modulation to be 
incorporated in the process, a beam is given an optical 
delay, before it is Incident on the optical fibre probe (1 ), 


changing at a frequency of p (Hz) by means of a piezo- 
optical modulator (10). A minute spot beam emanating 
from the minute opening passes through the sample (2) 
to be received after passage through the sample (2) to 
be received after passage through an analyser (5) by a 
light receiving element (7). The output from the light re- 
ceiving element (7) is fed to a lock-in amplifier, p- and 
2p-components are separated through lock-in rectifica- 
tion, and they are rendered into images by a controller 
(1 6). It is used tor measuring the distribution of magneto- 
optical effects. 
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Description 

This invention relates to a measuring apparatus whicli can measure the polarising activity and thd distributbn 
thereof of a test substance with a high resolution, by detecting a beam which has interacted with a tiny area of a 

s substance at the tip of a probe, and by utilising the polarisation characteristics which the beam presents. 

It becomes innportant to observe, for various test samples, the distribution of their optical activities (circular dichr- 
olsm and optical rotation) in very tiny areas, and to obtain quantitative evaluations of those optical activities. Such 
optical activities include natural optical activities, electro-optical activities, magneto-optical activities, and piezooptical 
activities, and with the recent technical advance in the field of memories having a gigantic capacity such as a hard 

10 disk, opto-magnetic disK etc., a demand for equipment allowing a precise observation and measurement of magneto- 
optical effects has rapidly become intense. 

For example, to observe the distribution of magneto-optic effects as one aspect of such optical activities with a 
high precision requires the observation of magnetic sectors and barriers. The well-known method used for this purpose . 
includes polarised light microscopy, Lorenz transmissbn electronmicroscopy. spin*polarised scanning electronm'cro- 

IS scopy. and magnetic force microscopy. A r^ent article reports an observation of the magnetic barriers of a vertically 
magnetised membrane by the use of a scanning near field optical microscope (APPLIED OPTICS, Vol. 31, No. 22, 
1992, p.4563, E. Betziget 'al:); ■ ^ . 

Here a scanning near field optical microscope will be briefly described. A widely available method consists of 
sharpening an optic fibre or a beam transmitting body, and preparing a minute opening at its tip having a diameter 

20. equal to or less than the wavelength of the beam. By th& same method with which a conventional scanning atomic 
force microscope or a scanning tunnel microscope adjusts the distance between a cantilever and a sample, the minute 
opening is placed so ck>se to the surface of a sample that the distance there between is equal to or less than the 
- wavelength of the beam. By ir:troducing, wfiiie maintaLnlng the above state, a beam into the optic fibre with such a 
minute opening, radiating a tiny area of a sample with the beam emanating from the minute opening, and scanning 

2S the beam over the sample in a two<Jimensional plane, a microscope can achieve a high resolution microscopy in 
accordance with the size of the m^ute opening. In the example nnentioned earlier where a scanning near field optical 
microscope was used for the observation of magnetic barriers, a linearly polarised beam emanating from a minute 
opening is allowed to radiate a sample, and the beam transmitting through the sample is received by an analyser 
(cross-Nichol method). 

30 On the other hand, a method to quantitatively determine the circular dicKroism or optical rotation of a sample, for 

example, on the basis of nr^gneto<^tical effects. (methods dependent on other optical activities work on essentially 
the same principle) is described in detail in 'Light and magnetism* published by Asakura Publishing Co. (written by 
Sato, K.). The optica! rotation due to magnetism can be detenmined by perpendicularly intersecting polarisers (cross- 
Nichol method), Faraday-cell method, arKl a rotational analyser. The use of a quarter-wave plate will allow the meas- 

35 urement of the circular dtchroism of the sample. Further, modulation of a circularly polarised beam (circubr polarisatk^n 
modulation) will enable the measurement of both the magneto-optical rotatbn and magneto-optical circuliar dichroism 
with a high sensitivity. - i . , 

Here, circular polarisation nrKxJulation will be briefly described with reference to Fig. 2. A linearly polarised beam 
having passed through a linear polariser 101 is given, by a piezo-optk^al nrxxjulator 102 working on birefringence, an 

40 optical delay wfiich changes at a frequency of p (Hz). Then, the same beam, after having been reflected from or passed 
through a sample 103 (the beam is reflected frorfi the sample in Fig. 2). is allowed to pass through an analyser 104 to 
reach a light receiving element 105 for registration. From the p (Hz) component emd 2p (Hz) component of the beam 
having passed through the analyser 1 04, it is possible to determine thie cixular dichroism and opticad rotation the beam 
has undergone, respectively. i; k ^^. 

4S The principle underlying circular polarisation modulatbn will be described by equations. For brevity, the direction 

along which a beam travels is assumed to coincide with the z-axis. Assume that in Fig. 2 the linear polariser 101 has 
an angle of 45" with respect to x-axis. The electric field E^ of tiie beam having passed through the linear polariser 1 01 
can be expressed by: 

El a(i+D (1) 

given that i and j are th unit vectors of x- and y-axes respectively. 

Given that there is a delay of 5 between x- and y- components of the electric field E2 of the beam which has passed 
^ through the plezo-optical modulator 102. 
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Eg a {i + exp (i 5)j} (2) 

Assuming that the unit vectors of right- and left- circularly polarised beanris ar expressed by the following equations 
respectively: ... : . 

' ' *• * r = "(i + ij)/2^ / ' ' * • ' ' ' 

then, E2 can.be expressed by the fpllovving equatjcfi: . . . . 

' " ' Eg a{1-L®cp(i6)) r + (1 +i.exp(i5))i} • — / : ; .;o ^^^i - (3) 

Suppose that the complexfy expressed annplitude reflections of right- and left-pirculatory jwl^rised beaips are 
expressed by r + exp (i 6 +) and r - exp (\ 6 -) respectively, then the etectric field E3 of reflected beann can b^ expressed by: 

E3 -l^)(i5))T^ expXi e'+);r + (1 + Leipi^i^))^^r^ (i'e-)l} ' ' ■ ' (4f 

The intensity I of the beam enrTanating^ronriJhe analyser haying an angle of $ vwt^ respect to the x-axis is expressed 


by: 


' . la {R V(ARfe)sin 5 + R ^in (AG + 2$) 00s 5} 


.•1 . . 


(5) 


where 


R=(r+2+r-2y2-; 


AR = r+2 - r-2 " 


AG = e+ - 0 - = ;20^ 


it;.'. ^ 


I f.t , 


and where % represents a Kerr's rotation angle and -q^ra Kerfs ellipticity.:Assunning that = 0, and AG Is sufficiently 
snr^all, 6 '-sin2 icpt Then, the equation can be resolved by the use of Bessel function into: 

. lr-l(0) + l(P)sin2icpt + l(2p)cos4Kpt+ . ' 

In this equation, l(o), l(p), and l(2p) represent factors respectively containing 0th- order, 1st-order and 2nd order 
Bessel functions, and 


l(p)aTi^,l(2p)aG^ (7) 

Ther fore, the p(Hz) component gives the Kerr's ellipticity and the 2p (Hz) gives the Kerr's rotation angi . For 
details, see the above-descrtoed "Ught and magnetism." 
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The above-described various methods employed for the observation of minute magnetic sectors have a number 
of problems as will be described. For example, polarised light nriicroscopy, operating in the same .rjianner as conven- 
tional optical microscopy, has its resolution restricted by the diffraction limit of the beam used, and only achieves a 
resolution that allows detection to a width of about half the wavelength of the beam. used. Further, as it depends on 

5 the cross-Nichols method for detecting the optical activities of a sample, its detection sensitivity is tow Lorenz trans- 
mission electronmicroscopy has a resolution sufficiently high to distinguish about 1 0nm intervals, but it is only applicable 
to a thinly sectioned sample. Spin-polarised scanning electronmicroscopy has a problem in that it requires a large cost 
for instalment Magnetic force microscopy has a considerably high resolution that allows discrimination of several tens 
of nm intervals, but it can scarcely be applied for the quarititatlve determination of the magnitude^of a magnetic field 

10 or magnetisation. The scanning near field optical microscope has its resolutiori deterniined principally by the diameter 
of the opening of the probe, and has a considerably high resolution. The'conventlpnial minute spot scarining microscopy 
however, usually depends for the detection of optical activities of a sample, on the cross Nichols'methcxi, and presents 
the following problems. It allows only a low sensitivity. Notwithstanding that the closer thejminute spot beam emanating 
from a minute opening is to a linieariy polarised beam, the higher me detection sensitivity, the minute spot beam em- 

is anating f rorn a minute opening is usually elliptically. polarised. This nnay form another cause for lowered sensitivity 

Among the apparatuses for quantifying various magneto-optical effects, there are some that allow the very sensitive 
quantification of a rotation angle through modulation, for example, by the use of a rotating analyser. This method, 
however, can not be applied to a tiny area exceeding the typical level handled by a conventional optical microscope: 
As illustrated above by retemng to the microscopic observation of magneto-optical effects' as an example, the 

20 conventional methods whereby the distribution and quantification of optical activities of a sarnple have been obtained 
have more or less defects to be corrected, although some are advantageous in sensitivity, reroluW and tolerance of 
sample handling, and others are advantageous in cost. What is mentioned above applies to the Hie^sufement not only 
of magneto-optical effects but also of optical activities at large. In view of this the object of the present invention is to 
provide an apparatus with which it is possible to obsen/e/rheasure the optical activities of a sample with a high resolution 

25 and sensitivity, at a low cost, quantitatively, and without Imposing any restrictions on the handling of the sample. 

It is an object of the present invention to provide a scanning near field optical microscope based on polarised light 
which requires only a bw cost for production because of its being based on the constitution of scanning atomic force 
microscopy, and albws observation of a sample without imposing any restrictions ori the preparation thereof. 

It is another object of the pretsent invention lo provide a scanning'near field optical microscope where the size of 

30 a beam to radiate a sample or emanating from a sarr^le is determined by the size of tip according to the principle 
underlying the scanning near field optical microscope. Thus it allows the observation of a sample with a very high 
resolution without being affected by a diffraction limit. 

It is another object of the present invention to provide a scanning near field optical microscope which can achieve 
a highly sensitive circularly polarised modulation by giving a periodically changing optical delay to a beam. 

3S It is a further object of the present invention to provide a scanning riear field optical microscope where it is possible 

to reduce the changes in polarisation state due to external disturbing sources when the probe consists of a light trans- 
mitting body made of a material having a srnaller photo-elasticity coefficient, and it can minimise the adverse effects 
due to stresses developed as a result of bending ^A^en the same rnaterial is applied for the preparatiori of a probe with 
a hook-like, shape. 

40 According to a first aspect of the present uwention there is provided a scanning near field optical microscop 

comprising: a light source; a probe having atjp; rnearis dperatively to rnaintain the interval between the tip and a sample 
surface or medium within an action distance within which an interactive force results between ttie tip cind Uie surface; 
mearis to obtain a polarised beam carrying optical information concerning the sample surface or medium, by allowing 
a beam from the light source to interact with the surface adjacent the tip; light receiving means to receive the polarised 

4S beam; modulating means placed in the light path between the light source and the light receiving means to establish 
a periodically changing optical delay in the beam. 

Preferably the probe is allowed to have a light transmitting body. 

Preferably the means which maintains the tip so close to the surface of a sample that the interval therebetw en 
is kept within an action distance whk:h allows and inter-atomic interaction or interactions by way of other elements 
so further comprises: 

a moving means which alters the distance between the tip and the surface; 
a distance determining means which determines the distance between the tip and the surface; and 
a control means which maintairis the distance between the tip and the surface constant based on a signal delivered 
S5 by the distance determining means. 

Preferably the distance determining means still further comprises: 
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a vibrating means which vibrates the tip and the surface relative to each other tn a horizontal or vertical direction; and 
a displacenrient detecting rneans which detects the displace 

Preferabl/ the modulating meians which is ihserted|oiri'a tight path between the source and the light receivrng 
s means, and gives an optical delay changing at a regular cycle acts ias a 'meahs^to generat a periodically changing 
stress in the light transnriitting body. , \ / ^ , , \ '\ . ^ . . . , 

Preferably the. present inyentbn further corriprisesV ' ' t . /.^ , . . j, 

a light source; ' / " . ' [ . * ... " . . ..j * • . , 

10 a probe having a sharpened tip and a light tiansnrirtth 

a mean^ which maintains the tip so close to the surface b! a sample tliatljij^ im^^ is 'kept within 

an action distance which allows ah inter-atomic interaction or ihtefractidns.by yv^y pf^qther elemente to be present 
between the tip, and the surface; : . . . 7. . - ^ . 

a rrieans which obteiris a polarised beam carrying the.dat^ of opticaf activities of a tiriy area of the sample or of a 

fs m^ium, by allowing a bearri ernahating'from the source to jnteract^wrth the sarripjQ s^^^^ and a light 

receiving rfieans which receives t^^ \ ' ^* : / 

the material cbnstrtutirig the light transrnitthg txxiy hai^ a photo^testic^ty co^ffjcfent pf'ip x'l 6^ [nrim^.N-l j or less. 

Prefei;ably ttie material constituting the light transmitting body includes^quartz'i^lass cot oyd^B, / 

20 Embodiments bf the preserit inyerifion vviJI now be described by way of further exa^ only and with reference to 

the accornpanying drawings; 6fi.wtiich:^ ' ' | ^ ' * . * , Tjl/j, / , V z / v;r - ^ < 
Fig. i is an explanatoiy vjew showing the coristrtutiofTi of Exaj:nplif^l pf^^ sinning near field optical microscope " 
based on polarised light accdrciing^ 7 * 

Fig. 2 is an explanatory view showing the consthutibn' of element, nec@^ method for meas- 

2S uring magheto^jptlcal effepts' based on circuiar pqlaritetipri rriwoiiul^tiQri'. '1' , ^^'^ ^i'f' yj ^, . . . T \ 

Fig. 3 Is an expfanatdry .view showing tKe POT^jitutra^ iicarriple 2'of a^scannihg near field optical microscope 
based on polarised light accxjrding to trt^^ | i : .■■ . . =. - 

Fig. 4 is an explsm^ory view shiowing jhe'cc^ near field optical..m^^ 

based on polarised light according t9 this invents = ^ 

30 Fig. 5 is an explanatory view shpw(ing the constjtiition a scaiinyig riear ^fi^ microscop 

based on polarised light accbrding'to this inyerition,^ V * - . 

(1) Example 1 . ! , , . ^ . ; , . ' , . - . 

35 Fig. i . Illustrates the constitution of, Exafiripie .l pf ttiis Invention. The basic constitutioh is the squrhe as that of a 

conventional scanning near field optical rnicrpspope. jHe figurd shqyvs an' apparatus yvhrch incorpora[tes' sin optic fibre . . 
probe which Is produced after an optic fibre acting as a jtght transmitting body has a nninute opening prepared, at its 
tip. wherein a minute spot beairi ennanating frorrj.the minqte gperiing.' radiates a sarnple (illurninatipn nribde) and th 
beam after passing through the .sample is registe/ed (tfansririissioa'type).. Descr' will be given with, reference to 

40 this exartiple. . . . .. 

Firstly, a converitional minute spot .scanning microscopy, will be.described with regard to its constitution arid oper- 
. ation. A light source 11,, OTmprisingagas lasjer/wH^ or semiconductor-based laser, generates 

a light flux which passes through a, polarisation adjusting element 17. consisting of a wavelength plate, ancj a piezo- 
optical modulator 1 0, 'tp be incident, through the triterye^ntion p|a fibre coupler 9, on the input end ia fibre optic prob 

45 1 . The optic fibre probe 1 ! ^s. usually made of a jingle, mode fibre, erid its other end has its tip sharpened and circunv 
f erence coated by. a film comppsecl ,pf a^^rrietal like jgold or aiumirium. such that the tip has a rniriute opening whos 
diameter is equal to or less than the wavelength of the beam, the beam incident oh the input end of optical fibre probe 
1 emanates from the minute opening as a minute, ^pot beam. The optic fibre may^be made of a multi-rriodp fibre or a 
single hollowfibre, instead of a single rriode fib/e..Further„the optical fibre probe 1 has a part close to the. tip bent like 

so a letter U and is attached on the surface of a piezp-electric element such as a bimorph or a quartz vibrator. It is possible 
to operate the apparatus in an AFM mode, or a dynamic mode often used in conjunction with scanning atomic force 
mcroscopy (AFM), by vibrating the optical fibre probe 1 vertically with respect to a sample by means of the piezo- 
electric element 18. 

A sample 2 is placed on a piezo actuator 15 which can move atong x-. y- and z-axis directrans, and a controller 
55 16 controls the movement of the piezo actuator 1 5. the controller, while maintaining constant the distance between the 
sample 2 and the tip of the optical fibre prob 1 , scans th beam over the sample 2 in x- and y-axis direct bns using 
the piezo actuator 15. In this example, a method based on a devrce generally called ah optical I ver is used for deter- 
mining the distance b tween th sample 2 and the tip of the optical fibre probe 1 . This method consists of converging 
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a beam emanating from a laser source 1 2 onto the surface oi a mirror placed close to the tip of the optical fibre probe 
1 . of receiving the reflected beam witfi a bisected light receiving element 1 3, and of determining the difference between 
the intensities of beams received by respective bisected segments, thereby to monitor the vibration stat (frequency, 
amplitude and phase of the vibration) of the qstlcal fibre probe 1 . For example, when the optical fibre probe 1 comes 

s close to the sample 2. its vibration state undergoes a change iri the presence of forces resulting from interatomic 
interactions. Tnerefore, by adjusting the movement of^the piezo actuator 15 Atong the z-axts direction in such a way 
as to allow the optical fibre probe 1 to make a vibrattai with a constant amplitude, it is possible to maintain constant 
the distance' between the surface of sample 2 and the tip of the optbat fibre probe. Thus, while maintaining constant 
the distance between the sampie 2 and the tip of the optical fibre probe 1, it^ possible, by scanning the beam over 

10 the sample, by moving the pi^zo actuator 15 in x- and y-axis directions and by monitoring how much tf le piezo actuator 
1 5 moves along the z-axis direction, to obtain an image of the surface texture of the sample 2. 

As the tip of theoptical fibre probe 1 is positioned close to the surface of sample 2. ttte minute spot beam emanating 
from the minute opening transmits through the sample 2, is converged by a converging lens 3, has its path bent by a 
mirror 4, and passes through an analyser 5 and filter 6 to.be received by a light receiving element 7. The filter 6 placed 

IS In front of the light receiving element 7 is to cut off the laser beam 12 which acts as one anm of the optical lever. 

As the light source 11 usually consists of a laser source based on a gas or solid nrxslecule, it often hsippens that a 
linearly polarised beam impinges on the optical fibre probe 1 . But, the optical fibre probe 1 generally contains elements 
which may resolve the polarisation state or retard the pliase, of an incident beam, and thus the minute spot beam 
emanating from the minute opening often suffers a degraded polansation or becomes an elliptically polarised beam, 

20 notwithstanding that the incident light is a linearly polarised beam. When such a polarised beam is radiated upon the 
sample 2, and its polarisation state is nrKmitored by a cross-Nichols method, the overall sensitivity will become low. To 
avoid such inconvenience, Jt is necessary to insert a wavelength plate or compensatbn plate, ti iat Is, an agent to cause 
an appropriate retardation, on the incident path of the optical fibre probe 1 . thereby to adjust the polarisation state of 
incident light. Through this procedure it is possible to obtain a rninute spot beam with a practically linear polarisation. 

2S In spite of above fact, this invention adopts circular polarisation modulation dependent on a cross-Nichols method 

which is principally very sensitive. The method adopted in this example whereby an optical delay is given to a minute 
spot beam emanating from the minute opening of optical fibre probe 1 in accordance with a modulation frequency p 
(Hz) depends on the use of a piezooptical modulator (PEM) 1 0 woridng on birefringence which incorporates an optically 
active crystal such as quartz or the like. A drive 14 to drive the PEM not only activates the piezooptical modulator 10 

^ but delh^ers a reference signal with respect to which a lock-In amplifier 8 perfomns a lock-in rectification. A light flux 
emanating from the light source 11 passes through tho piezc-optteal rrKxJulator 10 to be given an optical delay ther , 
and is incident through the intsiventioi i of fibre coupler 9 on the input end of the optical fibre probe 1 . 

Detection of cptk:ai actrvitids using a modulated circularly polarised beam is so sensitive that; as k>ng as any optical 
delay is given at all to a minute spot beam by detect optical actK'itias. WfVat should be noted here is that as tong as 

35 tiie piezo-optical n^odulator 10 incorporatcts an optically active crystaf, the crystal axis should be taken into account. 
' - Namely, nnodulatton efficiency will be highar if aii incident polarised beaTi is adjusted according to the angle the beam 
forms with the axis of crystal. Thus, tho pciarised £tate of an incident beam is adjusted by means of a polarisation 
adjusting element 17 placed on the input side of the piezo^opttcal modulator 10. Needless to say, the polarisatkMi 
adjusting element 17 nnay be so cohstitutsd as to allow an incident beam to pass through a hatf wavelength plate' 

40 capable of rotating the beam, or to allow an incktent beam to pass through a quarter wavelength plate to convert it Into 
a circularly polarised beam, and then to penmit a specific component thereof, say. a lineariy polarised beam to xit 
therefrom. This example uses a piezoK>ptica] modulator 10 incorporating an optically active crystal, but any other 
nrK»dulator can be used with the same £:d\'antago as bng as it car) give a periodk; optrcal delay to an incident beam. 
Placement of the mirror 4 in front of the analyser 5 is uridesirabie because the mirror may add an extra polarisation 

45 characteristic, and ideally the light path should not be bent. However, for a beam converged by the converging lens 4 
to be guided to the light receiving element 7, it is necessary with a conventional transmission type scanning near field 
optical microscope to bend the light path by means of the mirror 4 for design convenience. The mirror incorporates a 
dichrbic mirror instead of a conventional vapouf^eposited aluminum m.irror, thereby to lessen the difference in reflection 
of p- and s-pdiarised beams. Through this procedure it becomes possible to ignore the polarisation characteristic given 

so by the mirror 4. 

By virtue of an apparatus having the above constitutiorl. a minute spot beam emanating from the minute opening 
interacts with the surface of sample 2, is converted, through that interaction, into a transmissive beam, passes through 
the sample 2 being given, during passage, optical activities including circular dichrolsm and optical rotation, and passes 
through the analyser 5 to be incident on the light receiving element 7 so that it may b registered th re. This signal is 
ss rectified by the lock-in amplifier 8 which uses the reference signal (having a frequency of p) deliv red by the PEM driver 
14 for rectification, and the rectified output is fed to the controller 16. When the 2p component is submitted to kxk-in 
rectificatk»i, it gives an optical rotation, and when the p component is submitted to lock-in rectification, rt gives a circular 
dichroism. Thus, when these signals are submitted to the controller 16 to be converted into images in synchrony with 
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the scanning movement of the plezo actuator i 5 as in a conventional scanning near field optical microscope, they will 
visualise the distribution of optical activities otthe sample. Incidentally, if only the p component is required, the analyser 
5 placed in front of the light receiving elenrient 7 may be, ornitted. , 

Further, when not only the distribution of optical activities but also the absolute .quantities of those activities are 

s desired to be measured the ratio of the p component.to the direct current component will give the ellipticity and the 
ratio of the 2p component to the direct current compprjent will give the optical. rotation. For the latter purpose it is not^ 
necessary to move the plezo actuator 15 so that the beam caxj scan over the sample along x- and y-axis directions, 
but to adjust the piezo actuator 1 5 such that a desired spot of sample 2 is placed close to the optical fibre probe 1 for 
measurement. By this process it is possible to quantitatively deterrnine.the optical activities of a very tiny area of a 

10 sample as with a conventional method based on the modulation of a circularly, pplarised bearii. ^. 

Assuming that the optical fibre probe 1 gives an optical delay of 7^2 as a resuft of mechanical stresses as does a 
quarter wavelength plate, the electric field Eg of a beam as described by equation ^(2) above comes to be expressed 
by the following equation because ot an optfcal delay given^ by the optical fi^^^ ^. . ... ^. 


IS 


20 


2S 


30 


. i . • . ; Ex a {i + iiekpXiS)]} v ' - ^g') 

As a result, the intensity! i of light emanating ifrorri the analyser becomes: j 

I a {R + (AR/2)cos S 4> R.sin (Ae + 2 (|>) sin 5} ' • (5') 

Tliis equation, when resolved by a.Bessel function, gives; . ;,.v; ; , . 

■ - : I - |(0) + l(p) siri2i^^^^^^ ' (6) 

' Kpyae^. i(2p) an^ " ; ' ' / (7') 


What is worthy of notice here is that what the p and 2p,components represent in this equation is opposite to what 
/ the same components expressed in equation (7) §boye represent.- r : a. , ; : • ^ : ^ 

The present invention can have the above-described constitution and operate jn the above-described manner, eind 
combines a scanning near field optical. microspopjB with circular polarisatipn modulation thereby to make,.ft possibi 
3S not only to obsen^e the distribution of optical actiyrtles of.the sample d with a high eensitiyity and resolution,, but also 
to quantitatively detemriine the optical rotatipnvand ellipticity of a specified ^tiny ^rea pf^tfie sanriple.^ Further^ this 
method is based on a scanning near field; optical nriicroscppei, ft allows tiie prodiiction ,of a siTiedler apparatus with a 
lower^cost than is possible witti other similar,obsen/atipn meansidppendent pn. conventional techniques. The sampl 
2 may be in the atmosphere, in a liquid, or in a vacuum. for measurement, and dpes^.not need tOjbe thinly sectioned, 
^ Thus, this method does not impose, any.special restrictions orvthe:prepara ; : 

(2) Example.2 ' -^-j -- . „ • = ■\ -) '-•-:-:} ^ t^-^^^.:, o- • ^ . ^ . - . 

Next, Example 2=according to this invention.will b^ described wfth reference to Fig. 3 wfriich shows. the constitutlon 
of Example 2 of this invention. laExample-1 light is passed, through a sample f or measufement. In example 2 meas- 
urement is performed using light reflected; from a sample: As the basic constitution and operation are the same as 
those of Example 1, parts achieving the same .functions are. represented by the same symboljs,; and their detailed 
explanation will , be omitted. .1. - . v . t ... ; , ^ i v .; . » . *? , 

The process the beam undergoes,. after having emanated from the. light source-ll, till it exists from the minute 

50 opening of the optical fibre probe 1 as a minute spot beam are, practically the same as that of the beam in Exeimpl 1 . 
However, in example 2, a piezo-optical oKxlulator 10 is not placed on a light path between the light source 11 and th 
optical fibre probe 1 . As described above^.the optical fibre probe 1 often has the property of retarding a beam. This is 
especially tme when the optical fibre probe 1 is bent like a letter L so as to be- operable in a dynamic AFM mode 
because the bent part causes a retardation in the beam. To avoid such inconvenience, a polarisation adjusting element 

55 17 Is paced on the input side of optical fibre probe 1 and the polarisation state of an incident beam is modified by that 
polarisation adjusting element 17 k> as to adjust the polarisation characteristics of the minute spot beam emanating 
from the minute. opening. The polarisation adjusting element 17 usually consists of a wavelength plate like a half- 
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wavelength plate or a quarter-wavelength plate, but he use of a compensatory plate will allow a nr»ore precise adjust- 
ment. 

A minute spot beam reflected from the sample 2 after having interacted with the latter is converg&d by a, converging 
lens 3. The converging lens 2 nnay be positioned at any place on the light path as long as it efficiently converges the 

s _ minute spot beam reflected from the sample 2, or, instead of being made of a lens, it may be made of a light-converging 
mirror like a parabolic mirror, as long as it has a light converging activity. The beam, after being converged. by. the 
converging lens 3, is given an optica! delay with a frequency of p (Hz) while it passes through a piezooptical nrKXlutetor 
10, and then passes through en analyser 5 and filter 6 to be received by a light receiving element 7. As far as only the 
determination of circular dichroism of a b^anri from the p component is required, the use of analyser 5 may be omitted. 

10 As the remaining constitutions arid operations are the same as those of Example 1 , description of them will be omitted. 
Also with, example 2 one can visualise the distribution of optical activities of sample 2 and quantitatively detemiine 
those optical activities with a high sensitivity and resolution. 

Although in Example 1 the piezonoptical modulator 10 is placed on the input side of optical fibre probe 1. it is 
needless to say, the device iri question may be put bettween the analyser 5 and sanpple 2 as in exarnple 2. However. 

IS as the piezo<iptical modulator 10 usually incorporates an optically active crystal, it is possible to efficiently give an 
. optical delay to an incoming beam by directing the beam to the modulator 10 such that the polarisation plane of the 
beani has a specific angle with respect to the crystal axis. If the piezo-opticSal modulator 10 is positioned in such a way 
as to receive light reflected from the sample 2, the polarisation plane of the light will not take an optimum angle with 
respect to the, crystal axis, and thus tfie nnodulation efficiency and detection sensitivity will often be worsened and 

20 . lowered. . , " . 

, (3) Example 3 . 

Next. Example 3 according to this iriyention will be described with reference to Fig. 4 which illustrates the consti- 

2S tutioh of Example 3 of this invention. Although in Examples ^ and 2 an illumination mode is adopted whereby a beam 
emanating from a minute opening is allowed to illumine a sanriple, in example 3 a collection mode is adopted whereby 
a minute spot beam is detected through a minute opening. Further, a beam is altowed to pass through the sample 2. 
Parts having the same ccristitution or achieving the same functipris as the cbrresix)nding parts of Example 1 are 
represented by the same syrhbols; and their explanatk}^ 

30 A beam emanating f rorin a light source 1 1 is grveh an optical delay during passage thpugh a polarisation adjusting 

element 1 7 and piezo-opticai modulator 1 0, and this is the same as in Example 1 . The beam, after having been giv n 
an optical delay, is converged by a converging lens 19 into a convergent beam, iand is incident through aside wall onto 
a triangular jprism 21 carrying a siample 2 and cpriverged to the bottom surface thereof. When the incident angle of th 
converged beam with respect to the bottom surface of the prism exceeds a critical angle, that beam is totally reflected 

35 by that bottom surface, arid the side of the bottom surface facing the sample 2 gives rise to an evanescent beam. 
' When an optical fibre probe having a rininute openirig at its tip is allowed to approach the sample 2 by the same method 
as used in. Example 1. the evanescent beam present on the surface of sample 2, through interaction with the optical 
.! fibre prbbe 1 is converted into a transmissive beam which enters into the minute openirig. transmits through the optical 
fibre probe 1, and exits from the othei- eiid of the 4ame probe. The beam emanating from the other end of prop is 

40 collinriated by a collimator 20, and is allowed to pass through an analyser 5 and fitter 6 to be received by a light receiving 
element 7. As the constitution of other elements and their operation are the same as thdse of Example 1 , their expla- 
nation will be omitted. With example 3, it is also possible to obtain the distribution of optical activities of sainpie 2 or 
to quantitatively determine the optical activities thereof with a high sensitivity and resolution. 

Example 3 uses the triangular prism 21 in such a way as to totally reflect an incident beam to produce an evanescent 

^ beam, but the total reflecton may be produced by means of a dafk-fieid illunnination and. needless to say, the method 
is not limited to any specific one as long as an evanescent beam is produced on the surface of sample 2. it is also 
needless to say that, as in Example 1, the optical fibre probe 1 is allowed to illumine a tiny are of sample 2, and to 
receive a beam having undergone an interaction for measurement. In this case, the optical fibre probe must have, at 
the other end, a beam separating element like abeam splitter which separates a beam into an illumination compon nt 

so and a detection component. ' 

\n Examples 1 , 2 and 3 described above, the optical fibre probe 1 has a minute opening at its tip, and radiates or 
transmits a minute spot beam through the minute opening for radiation or for measurement. It is needless to say, 
however the probe is not limited to any specific one. Preferably, it has a iight transmitting body acting as a wave guide 
channel, being nnade of a comparatively transparent material to the wavelength of beams often used for measurement. 

55 like quartz or lithium niobate, and has a minute opening at its tip which is equal or less in size than the wavelength of 
the beam. 

In Examples 1 , 2 and 3 described above, the piezooptical modulator 1 0 is installed, besides the optical fibre probe 
1 , to give an optical delay Howeyer, many of the above-described light transmitting bodies can give an optical delay 
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r>."Tw r 

through photoelasticity effects in the presence of ah external force. Namely, instead of the piezo-optical modulator 10, 
a periodic force may be applied to a part of light transmitting body of the probe, and the resulting photo-elasticity effects 
may be utilised to give an optical delay changing in' a 1^6ri6diC mariner 16 A beam' duVifhgj the passage of the beam 
through the Ijght transmitting body. Furth r, by adjusting the intendty of th external force, it is possibi to alter the 

5 magnitud ' of the optical d lay. As a result, it is ^possible to reduce the oyerail s^ of the apparatus. 

Further/the hiethod Whereby th polarisation state^of a minutb spbt'beam is adjust^ by a polai-isatiori adjusting 
element 17 placed bh the Input side of aprobe consisting of a lightlr^'smitlinjg bod^ is Effective fdr' the meaisurement 
combined not only with'the modlilatkin of a dircular^ pblarised beam/but ^Isp'v^^ a cross^ic^ls method. For ex- 
ample, although the ofjticail fibre prob^ l may'^b beht' Jh'et ionm like a letter L st^ the'distahce befW^^ the <?ptical 

10 fibre probe 1 and sample 2 may be c^rWnicaliy changed kccordir}^ to a dyn the'optic fibre prcbe 1 

will then present an oiDtical knisbtropy Which ^ 4!'^^^"? psfssihg there thrbugh. As a result. ;even 

If a linearly polarised bedrn Is fed to thd optical fibre prdbe 1 ..only an el|iptidalf^ j>o?arlsed beam will ernah^te frprn th 
minute opening. This ih'convdfhierice d'ari' be' avoided by inserting a ppjansatfon^adfjus^^^^ 17 fii such ajray as 

to cancel out the retardation, thereby allowing the minute 'sppt bearn 'tb apprbxirrote to a lineari^ beam. 

IS Therefore/: when' this arrarigem is applied tb a crbss^sJichbls nrie^^ 

higher than 'is possible with^a sirriilar apparatus dejpehdent bh"" the cr&s^^icho meithbd which -uses an^^Iliptically 
polarised beam emanating from the minute opejfiing'withbut ,spk:iartreiafiTie therefoh ' ^ " ^ . 

In the above-described examples, the polarisation adjusting elemept'1^ 
1 , to change the poferisation state of a bearh befor^ the t>e^ is inciderit^cffi ;ffie 6^)ticaJ fibre pfob.e'l . It is needless to 

20 say, however, that when a mettipd is employed which consists of directi^^ ajpplyirig'a force OTtb part of the bjptirarfibr 
probe 1 and of controlling the Intensity of that force, it is possibie'lo alter the polarisation state of a beanl 'during its 
passage through the optical fibre by way of photoelasticity effects resulting from the extemal force, thus allowing the 
optical fibre probe 1 also to act as a polarisation adjusting element 17. . . - ^ 

A typical glass material has a photo-elasticity coefficient of about 2-4 (1 0-^mmS N-6), and stresses therein cause 

2s a retardation in a beam passing there through. Hence a bearn^ passing. through such a glass material undergoes a 
change in its polarised stkte. Thte can c^urjn the bptical fibre probe 1 df Exanriples 1 . 2 and 3 described^sLtSdye. When 
the optical fibre (particularly its core section ) acting as a light trahsniittinjg body is iekpqsed to a vibration extemally 
applied, or vibrates itself while securely fixed, so that stresses beveb^ wthin the fibre; a beam passing thpre through 
has its polarisation state altered as a result of phckd-elasftcity eff^s. Th^ ®?®rpa! vibratbn acts as a noise source to 

30 lower the S/N ratio, or only a slight shift pf fixation may destroy the reprodMcibirrt/of measurements. VVhen Ihe distanc 
between the optical fibre probe 1 and sample '2 is controlled according to a dynamic AFM mode, the optic fibre probe 
1 miist be bent like a hook as with ah AFM cantilever. To take such a form'the fiblre'h'as to berit while being heated, 
and the bent part has residual stresses. When a beam passes through this pah\ it receiviBS an bptical delay as a result 
of photo-elasticity, effects. This not only applies to a part bent in the form of a hook, but also to the general form of an 

35 optical fibre probe 1 which is often not symmetrically configured with riBspect to the axis of light transmission, which 
results in the devebpment of reskJual stresses. . ' 1 ' 

To meet the above inconvehierice. a probe is prepared whose lighi transmitting body is rinade of a nrtaterial having 
a photb-elastlcity coefficient of 1x10^ ("vn?- N-6) or less. By preoaririg such a probe it is possible to ignore the wects 
. of stresses caused by extemal vibrations ahd.fixatkjns. and to suppress the effects of residual stre^es deVelopihg as 

4o a result of asymmetrical configuration with respect to the pptit^i axis to a negligible ^^^^^ crown glass 

. FK51 br FK52 provided by Shot Co. has a photo-ejastteity coefficient of about 0,7-1 x, 10^ (nrim^. N-6). Fijrthen flint 
glass SF57 provided by Shot. Co. wKfch is coriipc^ed of quariz containing a large amount bf lead oxide has a photo- 
elasticity coefficient of about 0.02 x 10^ (mm^ Kj;HB)~ It can have a coefficient as snnall as 0.005 k lOf ' (mnni2.N-6), 
depending on the ingredients contained thereiriJ It is also possible to prepare an optical fibre probe from these glass 

^ materials.. Thus, a light transrnitting body inade of a material whose photo-elasticity coefficient is 1x10"® (mnrt^.N-S) 
or less is utilised to form a prbbe, and with that probe H is possible tqmake a measurerhent where changes in polarisation 
characteristics due to extemal vibrations are effectively suppressed apd a satisfactory S/N; radio is maintained. Further, 
even when the optical fibre probe 1 has its stern bent like a hook as in Examples 1. 2 and 3, it is^possible to greatly 
reduce the changes in polarfeation state which otherwise a beam would hayp suffered during pas^ge through the 

so bent part. As is evident from the above, preparing a probe ffoni a light transmrtting body nnade of a materiarhaving a 
smaller photo-elasticity coefficient is very usef ul'for a measurement dependent on the use of a polarised beam iricluding 
. a crossrNichols method as well as circular polarisation modulation. 

Incidentally, without resorting to the preparaticwi of a probe from a light transnriitting body^ made of a material having 
a smaller photo-elasticity coefficient, itispossibletbsuppresstheeffectsof residual stresses which may deve top during 

ss the preparation of the prob by annealing th light transmitting body. - . 
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(4) Example 4 ' 

In Examples 1 to 3, the light transmitting tody consists of an optical fibre which has its tip sharpened, and has a 
minute opening at the probe tip.' However, the meAod of illuminating a tiny area of a sample by a beam ennanating 

s from the tip of probe is not limited to radiation through a minute opening. There are a number of variants: an evanescent 
beam can be jsroduced by piasnrujn depoisited on the^surface of a minute ball, or a grating whose lattice pitch is so 
. shortened that the diffraction angle is Ic^t. Further, the method whereby the tip of the probe can detect a t>eam emanating 
from a tiny area of the sample also has a number of varents: an evanescent beam may be produced on the surface 
of a sample by total reflection or by reflection from a surface-coated plasnrK)n. 

10 Besides the atove a method may be employed whereby a cantilever, instead of a light transmitting body, which is 

produced after a semiconductor such as silicone or a metal has been sharpened; is utilised as a probe. Then, for 
example, the surface of the sample and the sharpened tip of the probe are illumined by dark-field illumination as often 
used in microscopy; to cause a multiple scattering to occur between the sample and cantilever tip, and the scattered 
beam is measured by an extemal optical system. 

IS Next, Example 4 of this invention wherein the probe does not consist of a light transmitting body will be described 

with reference to Fig. 5 which shows the constitution of Example 4 of this invention. A probe 22 may consist of a m tal 
probe as used in a scanning tunnel microscope or a silicone cantilever as used in a scanning atomic force microscope, 
or other various materials. But, needless to say, it is not limited to any specific materials as long as the material has a 
. high scattering efficiency. The sharpened tip of probe 22 is allowed to get close to a sample 2. The example depicted 

20 In the figure uses an optical lever to move the tip tbwards^e sannple, and as this tool is the same as those described 
eariier, explanation thereof will be omitted. The sample 2 is placed on a piezo actLiator 15 and nrK>ves in x-, y- and z- 
axis directions. 

A light flux emanating from a light source 1 1 . after having passed through a polarisation adjusting element 1 7 and 
piezo-optical nrK>dulator 10, is converged by a collimator 20 and illumines the sample 2 and the tip of the probe 22. 
2S This illuminating beam is given a periodically changing optical delay through the plezooptical modulator 10. The light 
source 1 1 is usually a laser, and there is no element in the light path that may disturb the polarisation state of the beam 
passing along a light path such as the optical fibre probe as encountered in foregoing examples, but the polarisation 
adjusting element 17 is used to adjust the polarisation direction of an illuminating beam according to the condition of 
the sample 2. ' 

30 As the tip of the probe 22 gets so qk>se to the sample 22 thai the distance therebetween is equal to or less than 

the wavelength of the illuminating beam, a multiple scattering takes pjace as a result of interaction between the suriace 
of the sample 2 and the tip. This multiply scattered beam carries optical information regarding the surface condition of 
the sample 2 depending on the size of the tip of the probe 22. A converging lens converges this scattered beam which 
is then passed through an analyser 5 and filter 6 to be received by a light receiving element 7. As the subsequent 

3S processes are the same as those of foregoinig examples, explanation tftereof will be omitted. Adjusting the angles of 
light source 1 1 and of light receiving element 7 witJi respect to the sample 2, so that a beam emanating from the light 
source 11 to illumine the sample 2 and the probe 22 may not enter the light receiving element, will enable a selective 
pick-up of a multiply scattered beam, and atchievwient of a rneasurenient withi a satisfactory S/N ratb. As is evkjent 
from the above, even if a probe does not consist of a light transmitting body, it is possible to constitute a scanning near 

40 field optical microscope based on circular polarisation modulation, and to obse'n/e optical activities of a sample with a 
high sensitivity. 

When a beam from the light source 11 radiates from one direction onto the sample 2 as In Fig. 5, entry of the 
radiating beam from the light source 11 into the light receiving element 7 should be avoided as much as possible. 
Further, this example is based on a transmission type apparatus, but what is mentioned above also applies to a reflection 
45 type apparatus. 

Examples 1 to 4 described above use an optical lever to detect the displacement of the optica! fibre probe 1 or the 
probe 22. However, the method is not limited to an optical lever or any othier specific methods, as tong as the method 
permits detection of the minute displacement of the optical fibre probe 1 or the probe 22. For example, when a dynamic 
AF'M mode is empbyed. the probe may be applied on a quartz vibration detector, and the changes in vibration of the 
so probe be followed by voltages delivered from, the quartz vibratbn detector beirig monitored. 

In Examples 1 to 4 described above, the method of controlling the distance between the optical fibre probe 1 or 
the probe 22 and the sample 2 is based on a dynamic AFM mode. However, the method is not limited to any specific 
modes, as tong as the distance between the optical fibre probe 1 or the probe 22 and the sample 2 can be rendered 
to any small size at will: th distance in question nnay be adjusted according to a static AFM mode, or by light interfer- 
es nee, or on the basis of a shearing force produced as a result of interaction between the two elements here concerned, 
or through the utilisation of a tunnel curr nt. If the latt r method is used, the optical fibre probe 1 or the probe 22 need 
not be bent like a letter L 

Although in Examples 1 to 4 described atove. the distance between the optical fibre probe 1 or the probe 22 and 
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the sample 2 is measured and actively controlled on the basis of the measurement, the method is not limited to this. 
For xample, the probe and sampi may be allowed to move relativ to each other to cause a current to flow therebe- 
tween, thereby maintaining constant the distance between the probe and sample surface by virtue of the viscosity of 
fluid as in a hard disk drive where the magnetic head floats by a certain definite amount (e.g., about 100nm) over the 

5 disk by virtue of an air bearing. Thus, the method does not necessarily require measurement of the distance between 
the probe and sample surface and a continuous monitoring of the proximity of the two elernents here concerned.. But, 
any method can be used with the same result as long as it allows the probe and sannple surface to be ck>se and constant 
toeachother . ,. / . ; ' 

In Examples 1 to 4 described above, the light source il generates a laser; bearh cornposed'of a single wavelength. 

10 However, a Xenon lamp may lie used as the light source ,11, and light^ therefrom may be used, after it has passed 
through a spectroscope so .that an appropriate component might be select^. In this case, measurement can be per- 
fonried using bearris with different wavelengths. , / . . .^^ . . , 

IS Claims " ' ' ^ " ' .-^^ 

1. A scanning near field 6ptk:al microscope comprising: . ^ J. , , , , . " r . 7 ' ' _ 

a light source; : ^ . . r -..pv; ■ . ' -^--e-; V- r \ ■ I 

20 a probe having a tip; , . , ' . , ..^^ ^ 

means operatively to maintain the thteiyal between the tip! arid a sarnple sur^^^ rnedium within ah action^ 
distance within .v^jch an intera^ 

means to obtain a polarised beam carrying opticai irifomriation concemlhg the sample surface of m^iuhn, by 
allowing a beam f rorn the tight source to interact with the .surface adjacent Jthej tip; / / ^ , \^ 

25 light receivirig means to receive flie pplaris^^^ b^^^ ^ , , . ; 

modulating means placed in the llghf path betweeri t^^^ light TOurce^d the H^^^ repeiving rneans to establish 
a periodically changing optical delay irit^^^ . . 

2. Ascanning near field optical microscope as.claimed^i^^^^ ^ . 

30 rectifying means to selectively separate, oiit of the output from the light receiving means, vyavje'components 

having frequencies integer times as high jas the nriodu^^^ 7 

3. A scanning near field optical microscope as claimedJn Claim t'or^JCN has a light transmitting 

4. A scanning near field optical microscope as daimied in, Claim 1 wtierein the meajps tp ifnaintain 

the tip and the sample surface prnr^edium within toe action d^^ ;})!: . o. c = 

moving means to after the distance bem^ ' , T 

40 distance detenmining means to determine the distance. between the tip.and tfiQ suffice of hriiedlum and 

: control means to maintain constant the distance betweeOvthe tip and the surf^c© or mediurn^qn the basis of 
output from the distance determining means. 


45 


5. A scannong near field optical. microscopy as cleumed in Claim 4,.wherein the distance deterrpining nrjeans comprises: 


vibrating means to vibrato the tip and the surface or medium relative to each other in a horizontal or vertical 
direction; and. , , t. . .j . . . ; 

displacement detecting means to detect the di^placerpent of the tip. 

so 6. A scanning near field optical microscope as claimed bn Qlaim 3, wherein the modulatirig means comprises.means 
to impose a perkxJically changing stress in the light transmitting body. 

7. A scanning near fiekJ optical micrdscope comprising: 

ss , a light source; . • . ■ . 

a probe having a tip and a light transmitting body; 

means operatively to maintain the inten^al between the tip and the surface of a sample or medium within an 
action distance within which an inter- interactive force r suits between the tip and the surfac or medium; 
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means to obtain a polarised beam carrying optical information concerning the sample or medium, by allowing 
a beam from the light source to interact with the surface or medium adjacent the tip; and 
light receiving means to receive the polarised beam, 

wherein a mat rial constituting the light transmitting body has a photo-elasticity coefficient of 1 .0 x 10-® [mm^ 
s N-1]orless. 

8. A scanning near field optical microscope as claimed in Claim 7, wherein the mater^ constituting the light trans- 
mitting body is quartz glass containing lead oxide. 

10 9. A scanning near field optical microscope comprising: v 

a light source; / 
a probe having a tip and a light transmitting body; . ' 

means operatively to maintain thejnterval betvyeep the tip and the surface .of a sample or medium within an 
action distance witi-.ih which an interactive force results between the tip and the surface or medium; 
means to obtain a polarise^ beam carrying optical informatiori concerning the sample or medium, by allowing 
a beam from the light soUrce to interact with the surface or.mfdium adjacent the tip; 
light receiving means to receiive' the polarised ; ) \ 
means to confer an optlcal;delay by,causlng 4 stress to be generated in the light transmitting body 
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(54) Scanning near fieki optical microscope 

(57) In a combined scanning near field optical mi- 
croscope (Nsom) and atomic force microscope (AFM), 
an optical fibre probe (1) which has a minute opening 
on the top of a sharpened tip is brought close to a sample 
(2), and the probe is moved by a piezo actuator (15) 
along x- and y-axis directions so that a minute spot 
beam emanating from the minute opening can scan over 
the sample. For circular polarisation modulation to be 
incorporated in the process, a beam is given an optical 
delay, before it is incident on the optical fibre probe (1 ), 


changing at a frequency of p (Hz) by means of a piezo- 
optical modulator (10). A minute spot beam emanating 
from the minute opening passes through the sample (2) 
to be received after passage through the sample (2) to 
be receivki after passage through an analyser (5) by a 
light receiving element (7). The output from the light re- 
ceiving element (7) is fed to a kx:k-in amplifier, p- and 
2p-components are separated through kx:k-in rectifica- 
tion, and they are rendered into images by a controller 
(1 6). It is used for measuring the distribution of magneto- 
optical effects. 
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